Introduction: Basic invasive procedural skills are traditionally taught during clerkships. Using simulation to teach invasive skills provides students the opportunity to practice in a structured environment without risking patient safety. We surveyed incoming interns at Thomas Jefferson University Hospital to assess the prevalence of simulation training for invasive and semi-invasive procedural skills during medical school. Methods: From 2008 to 2010, we surveyed 357 incoming interns at Thomas Jefferson University Hospital. The questionnaire asked incoming interns if they received formal instruction or procedural training with or without a simulation component for 34 procedures during medical school. Interns indicated their number of attempts and successes for each procedure in clinical care. Results: All 357 incoming interns completed the survey. Experience in 28 procedures is reported in this article. For all but three basic procedures, more than 75% of interns received formal didactic instruction. Only 3 advanced procedures were formally taught to most interns. The prevalence of simulation training for the basic and advanced procedures was 46% and 23%, respectively. For the basic procedures, the average number of attempts and successes was 6.5 (range, 0Y13.9) and 6.2 (range, 0Y13.4), respectively. For the advanced procedures, the average number of attempts and successes was 1.5 (range, 0Y4.8) and 1.3 (range, 0Y4.7), respectively. Conclusions: Although most medical students receive formal instruction in basic procedures, fewer receive formal instruction in advanced procedures. The use of simulation to complement this training occurs less often. Simulation training should be increased in undergraduate medical education and integrated into graduate medical education.
Tradi tionally, invasive and semi-invasive procedures are among skills taught to medical students during their thirdand fourth-year clerkships. In the past, these skills were taught almost exclusively at the bedside in the inpatient setting, under the tutelage of an experienced clinician teacher. Although teaching at the bedside is still an important venue for teaching these skills, as a result of time constraints in training and the need for optimal patient safety, the use of low-and highfidelity simulation has become integral to teaching these invasive clinical skills. 1Y3 Using simulation to teach invasive skills provides students with an opportunity to practice in a structured environment where students are ''allowed to fail'' without risking patient safety. 3Y5 In 2009, Okuda et al 6 conducted a meta-analysis on the utility and evidence of simulation in medical education and found that simulation has led to improvements in medical knowledge, comfort in procedures, and improvements in performance. In this meta-analysis, Okuda et al 6 found evidence that simulation is effective in the teaching of basic science and clinical knowledge, procedural skills, teamwork, communication, and assessment at the undergraduate and graduate medical education levels. A more recent systemic review and metaanalysis found that simulation training improves not only knowledge, skills, and behaviors of health care professionals but also patient-related outcomes, compared with no simulation training. 7 During the last several years, simulation has expanded and evolved so that a wide variety of invasive and semi-invasive procedural skills can be taught and practiced using simulation with both low-and high-fidelity models. Several studies have shown that using low-and high-fidelity simulation increases learners' procedural skills. 7Y11 As such, simulation is being incorporated into medical education at all levels of training for teaching and assessment of clinical skills. The American College of Surgery has developed curricula, which use simulation to prepare medical students for residency. 12 In addition, boards including the American Board of Anesthesiology, the American Board of Internal Medicine, and the American Board of Family Medicine use simulationbased assessment as part of the American Board of Medical Specialties maintenance of certification program.
The amount of simulation that has been implemented in the undergraduate medical education (UME) curriculum to prepare interns is not well known. Interns enter residency with varying experience and skills. 13Y16 A recent Association of American Medical Colleges survey examined the overall current state of simulation in medical education, but this survey did not address the training students received in specific invasive and semi-invasive procedures. 17 We surveyed incoming interns at Thomas Jefferson University Hospital (TJUH) to determine if students are receiving formal invasive and semi-invasive procedural training, and if so, if simulation is a component of that training. In addition, we surveyed the incoming interns' bedside attempts and successes of performing invasive and semi-invasive procedures to assess overall training.
METHODS
From 2008 to 2010, we surveyed 357 incoming interns at TJUH. The questionnaire asked the incoming interns, in a dichotomous yes/no fashion, to indicate whether or not they received formal (ie, classroom/seminar) didactic training to perform 34 invasive and semi-invasive procedures during medical school (Table 1) . Incoming interns were asked if the training included the use of simulation. The survey defined simulation training as training that ''included the use of simulators or models.'' Examples of high-and lowfidelity simulations were verbally provided to the incoming interns. Incoming interns were asked to indicate the total number attempts and successes of each procedure in a clinical setting. The incoming interns were informed that the survey was anonymous and that this information would remain confidential.
For purposes of categorization, we stratified the procedures into 2 groups, basic procedures and advanced procedures, based on the authors' consensus. The basic procedures included arterial blood gas, femoral blood draw, peripheral venipuncture, Foley catheter insertion for both males and females, nasogastric tube insertion, cardiopulmonary resuscitation (CPR), knot tying, peripheral intravenous insertion (adult), peripheral intravenous insertion (pediatric), and drain removal. The advanced procedures included arterial line insertion, central line insertion (femoral, internal jugular with ultrasonography, internal jugular without ultrasonography), chest tube insertion and removal, feeding tube insertion, incision and drainage of an abscess, adult and pediatric lumbar puncture, oral intubation, paracentesis, peripherally inserted central line catheter (PICC) line insertion, radial arterial line insertion, Swan-Ganz catheter placement, thoracentesis, vaginal delivery, and wound debridement.
Experience in 28 procedures is reported in this article. Hand washing and gowning/sterile technique are not invasive or semi-invasive procedures and therefore were not included in our analysis. The procedures of wound suturing/closure, Coudee urinary bladder catheter insertion, central line insertion (subclavian), and tracheostomy/cricothyroidotomy were not included in analysis because these procedures were initially present in the 2008 survey because of the authors' interest but were removed from the survey for 2009Y2010 therefore could not be included in the final analyses because of incomplete data.
Statistical Analysis
For analysis, SAS Release 9.2 was used to generate the frequency of incoming interns who received formal training in each procedure and the number of incoming interns who had simulation training in each procedure. Means and SDs were generated for attempts and successes.
Consolidating data across all 3 years and generating means required addressing changes over time in data collection techniques for attempts and successes of procedures. Specifically, we had to adjust the 2009 data, which were originally collected in ranges rather than continuously, to match the continuous data collected in 2008 and 2010. The 2009 data were recoded according to the observed midpoints of the ranges, that is, the category 1 to 5 was mapped to 2.5; 6 to 10 was mapped to 7.5; 11 to 20 to 15; and 21+ to 25. Survey participation was 100% among incoming interns; however, not all questions on the survey were answered. These were excluded from analysis, resulting in variable numbers for assessment. Difference of means tests, t tests, was performed to assess whether there were differences in mean attempts by whether the student had simulation experience.
The study was reviewed by the institutional review board at Thomas Jefferson University and was granted institutional review board exemption.
RESULTS
Three hundred fifty-seven incoming interns at TJUH completed the survey. The incoming interns trained at 80 For all basic procedures except femoral blood draw, pediatric peripheral intravenous insertion, and drain removal, more than 75% of all incoming interns received formal didactic training during medical school (Table 2) . Knot tying and CPR were the only procedures for which more than 90% of incoming interns received formal didactic training in medical school. Not all incoming interns who were trained in these procedures received training that included a component of simulation. Most incoming interns did not receive simulation training in 5 of the basic procedures. The overall prevalence of simulation training for the basic procedures was 46%.
For the advanced procedures, only adult lumbar puncture, oral intubation, and vaginal delivery were formally taught to most incoming interns during medical school (Table 3) . Approximately one third of incoming interns had received formal didactic training in all other advanced procedures, with the exception of incision and drainage of an abscess (43%). Less than 15% of incoming interns were formally trained in PICC line insertion and Swan-Ganz catheter placement. Most incoming interns did not receive simulation training in all of the advanced procedures except for oral intubation (70%) and vaginal delivery (58%). Less than 25% of interns received simulation training for 12 of the 17 advanced invasive and semi-invasive procedures. The overall prevalence of simulation training for the advanced procedures was 23%.
For the basic procedures, the average number of attempts was 6.5 with a range of 0 to 13.9; the average number of successes was 6.2 with a range of 0 to 13.4 (Table 4) . Knot-tying and Foley catheter insertion (both male and female) were the procedures most often attempted as medical students. The basic procedures with the fewest number of attempts and successes were pediatric peripheral intravenous insertion, CPR, and femoral blood draw. Of note, the mean number of CPR attempts was 2.4.
For the advanced procedures, the average number of attempts was 1.5 with a range of 0 to 4.8; the average number of successes was 1.3 with a range of 0 to 4.7 ( Table 5 ). The interns reported an average of less than 1 attempt and success in 11 of the 17 procedures. For the remaining 6 procedures, incision and drainage of an abscess, oral intubation, vaginal delivery, chest tube removal, feeding tube insertion, and wound debridement, the average number of attempts and successes was less than 5.
In addition, an analysis was performed to look for a correlation between incoming interns who received simulation training and those who reported procedural attempts on real patients. Analysis of the mean procedure attempts by whether the student had simulation experience revealed no evidence that simulation is associated with more attempts. Of 28 comparisons, only 2 were statistically significant. Learners with simulation experience reported more attempts regarding oral intubation and vaginal delivery (Table 6) .
DISCUSSION
In summary, we found that during medical school, most but not all incoming interns received formal didactic training in the basic procedures. Training using simulation was less common. For all incoming interns, the overall prevalence of simulation training was 46% for basic procedures and 23% for advanced procedures.
The percentage of incoming interns who received formal didactic training in the advanced procedures during medical school was much lower than for the basic procedures. Even fewer incoming interns had received training that included simulation. Like others, we have found that many of these advanced procedures are not skills medical students are exposed to during their clinical clerkships. 15, 16, 18 A report by the Association of American Medical Colleges distributed to medical school and teaching hospital deans to assess their use of medical simulation in medical education revealed that simulation equipment is available at most medical schools and teaching hospitals for teaching procedures 17 ; despite this, it seems from these findings that the students are not being exposed to simulation for invasive or semi-invasive procedures. Of 28 comparisons, only 2 were statistically significant. Those with simulation experience reported more attempts regarding oral intubation and vaginal delivery. However, one must bear in mind that 1 or 2 of these 28 tests would be expected to be statistically significant by chance. Thus, we must conclude that there is no evidence in our data that simulation is associated with more attempts (Table 6 ).
Our data showed that more than half of incoming interns did not receive procedural training that included simulation for the basic procedures, despite the fact that the incoming interns were performing these procedures during medical school. These procedures, although basic, are still invasive or semi-invasive to the patient, cause discomfort, and, if done improperly, can cause complications. A recent systemic review and meta-analysis found that simulation training improves the knowledge, skills, and behaviors of health care professionals, as well as patient-related outcomes, compared with no simulation training. 7 The relative ease and low cost of simulation models for many of the basic procedures make the implementation of simulation training practical.
Our data suggest that simulation training in the more advanced procedures is particularly deficient in medical education. Less than one quarter of interns received procedural training that included simulation for the advanced procedures. The need for simulation training in advanced procedures is even greater given the complexity of the procedures and the potential for the occurrence of serious complications. Although the appropriate level of learner for teaching advanced procedures is controversial, ideally medical students would be exposed to these advanced procedures. Simulation should be the bridge between exposure and actual performance of the procedures. The discrepancy found between performed attempts and lack of previous training is a strong argument that simulation-based education should be included in graduate medical education.
In addition, our analyses demonstrated that the learners with simulation experience reported no more real patient attempts in the 28 procedures except for the procedures of oral intubation and vaginal delivery. These 2 procedures may not be significant because 1 or 2 of these 28 tests would be expected to be statistically significant by chance alone. We conclude that there is no evidence in our data to suggest that simulation is associated with more attempts. Limitations of this study include the likelihood of recall bias. The reported training, whether this training included simulation, and number of attempts and successes were dependent on the interns' memory. It is probable that this recall bias affected the survey results. Second, the procedures were stratified into basic and advanced based on the authors' consensus. It is possible that others might stratify the procedures differently, potentially affecting the results. The 2009 data, collected in ranges rather than continuously, were recoded according to the observed midpoints of the ranges, potentially altering survey results. Although the survey defined simulation training and although examples of highand low-fidelity simulations were provided to the incoming interns, it is possible that interns were unclear on the definition of simulation. This may have led to underreporting of low-fidelity simulation. Furthermore, we did not address the effect of timing of training on attempts on patients. Finally, because this was a survey study, no skills assessment was performed; thus, we did not examine the potential relationship between procedural skill level and exposure to simulationbased training during medical school. This, in addition to examination of these outcomes on patient safety, will be the focus of future studies.
Our results indicate that simulation training needs to be more completely integrated into the third-and fourth-year clerkships. This would enhance procedural training during medical school to better prepare incoming interns. Ideally, students should receive simulation training, time for structured practice, and an objective assessment of their procedural skills, such as Objective Structured Assessment of Technical Skills, before attempting the procedure on a patient. Integration of a simulation-based curriculum should include both basic and advanced invasive and semi-invasive procedures. This simulation-based training would also allow learners to begin the attainment of the psychomotor skills needed for these procedures before residency.
In summary, we feel that simulation training in basic procedural skills should be a standard component of UME, contrary to what our data suggest. Incorporation of simulation training into third-and fourth-year clerkship curricula is a logical and important step toward improving procedural training during medical school. Furthermore, simulation training in the advanced procedures should also be incorporated into UME curriculum when possible. At a minimum, simulation training needs to be integrated as a standard component of graduate medical education beginning early with intern orientation. 
